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UNITED STATES

PATENT OFFICE.

JQHN ALLEN HEANY, OF YORK, PENNSYLVANIA. .

TUNGSTEN ELECTRIC INCAI‘};DES.CENT LAMP.

‘No. 872,936,

To all whom it may concern: . '
Be it known that I, Joun ArLexy HeANy,

& citizen .of the United States, residing at
York, in the county of York, State of Penn-

5 sylvania, have invented certain new and use-
-ful Improvements. in Tungsten Electric In-
candescent Lamps, of which the following is

‘a full and clear. description and:which will.

. -enable those skilled in the art to fully under-
10 stand the same. o
" .In an application filed by me December

. the use of certain very. refractory pure

15 for filaments and -electrodes together with
“teertain new processes for  manufacturing
. them.: -Such substances as tungsten, tita-

: - nium, zirconium, molybdenum, osmium, sili-

. ¢on, and boron or mixtures of the same, are
0 disclosed in this prier application. I have
' ‘found that one of the most suitable sub-
~‘stances .therein named for use as an incan-
descent filament is, & very pure dense and
homogeneous body of minute diameter (being
almost hair-like} and consisting exclusively
of metallic tungsten.. This filament is
placed in the bulb in which a vacuum is
created. T have discovered that such a fila-
ment will stand a much higher temperature
in such a vacuum than any carbon filament
or a filament consisting of & carbid of tung-
sten for instance or carbids of similar refrac-
tory metals, or in fact than any other kind of
a filament which has heretofore been known.

‘has been irapossible to obtain the necessary
40 resistance, because pure tungsten has a hig
.-~specific conductivity. The reasons for these
"+ statements are well known in the art and re-
"quire no extended discussion in the present
- specification. - '

" the pure state or admixed with & small. per-

" centage of a- suitable substance to increase
;.. the resistance without materially reducing
0. the efficiency, and to mount-such filaments

L B cle T

_they can be used as practically and perfectly
. as the ordinary carbon filament.

Specification of Letters Patent, .
Application fled Januazy 19, 1906, Serial No. 241,782

29, 1904, Serial No. 238769, T have disclosed,

" metals; metalloids, or mixtures of the same:

‘Before my invention it has not been pos-.|’
sible to form a tungsten filament which had.
“sugch & minute cross-sectional area and was of |
such sufficient length and strength so that it-

5 My invention consists in forming .a st.roxlig'
* but very fine filament of tungsten either in

*'in an electric.lamp in such s manner that

Patented Dec. 3,1907.

"1 of a substance or substances having a second

class conductivity, that is of substances

. which .when - heated ~become “conductive.

enlarged detail views of the same.” ™ -

-support such’filament_for use in the Tamp.
My said application No. 238769 of Decem-

efficient than the ordinary carbon filament,
discloses a' process for. making filaments

more efficient than any incandescent electric
lamp heretofore known; but, the production
of good tungsten filaments by such & process.
is necessarily slow and expensive. I, there-

filaments can be made commercially in large
quantities, and at & reduced cost and which
will also be of superior quality and I have,

more or less.to the details of comstruction
of the-lamp and the means for supporting
the filament in the lamp. .

which is brittle, although elastic, when cald,
and a tantalum filament; which ‘is ductile

cold. Tt is, therefore, impossible to'wind &
tungsten filament back and forth on a spider,
as is done in the tantalum lamp,. The tan-

f talum lamp has a continuous filament.sup+
ported by insulating supporting- means,
100

whereas my lamp has a plurality of indi-.

ducting supports, which, however, are of
‘such current carrying capacity that they
remain practically cold,

ment disclosed in my spplication No. 238769

: ; ! the following steps are requisite: Tungsten
' . I am aware that it is old.to form a glower | which has been obtained m & fine powder

This forms no part of my, present invention. -

In the accompanying drawings: I. have.
shown a tungsten filament in an- incandes- -
cent lamp and referring to said drawings,
Figure 11is an eleVatiOBaiévieW,.'partly in sec~ -
tion, of said lamp, and Figs. 2,3, 4, and 5are . -
. 65

. To make a tungsten filament successfully, .=
-certain precautions are necessary as well as . -
certain new and useful means are requited to - *

also, devised certain new features relating

and which cdn be permanently bent when:

vidual filaments connected in series by con- .

- In’ the process for making tungsten fila-

55

which. when cold are non-conductors, but -

0 .
ber 29, 1904, discloses the process for mak- - . -
ing & tungsten filament which is 'much more -~

in almost exclusive use  todsdy, and in fact it - o s
%
which -when- mounted in a lamp is much = .~ .

80"
fore, have devised a process by which said -

86

It will be readily understood that there is
a %reat technical difference between success-
fully mounting a fragile tungsten filament,”
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“.where ‘its ternperatute is gradually raised

10

* . and in a very high degree of pu rity is inti-
mately mixed with a small percentageTof |
araffin and made into a plastic mass. " It.

'8 then squirted- through a small die under
pressure mto filamentgry shape, " The fila-
ment thus obtained may with due care be
handled - and "is then placed in an oven,

to nearly the oxidation point-of tungsten.
During such heating the paraffin is driven

out as vapor and is dissipated, as can be’

easily proven by an analysis of the filament,

wlich swill be-found to” be. pure tungsten,

. or it can be easily proven. by the fact thaf

15

2u

if the lump of paratiin which issto be used is
placed on a glass; such as a watch glass, and
1s sitnilarly heated it will vanish leaving no
trace béhind on the glass.
the filament as above.described apparently

“slighitly frits the very fine tungsten particles
the-filament. can |-

together;. and swhen cooled

_ be.mounitedin-an incandescent lamp in the

- samie Manger:

‘30

35

- ment, but:-re

5,18 the ordinary carbon fila-

requirés. of course both care ‘and
singe: the -breakage is- considerable,
: -so. mounted. ‘and the-bulb has

" the"*flament “and: the ~filament . shrinks
greatly: both- in*cross section ‘and in length,-
owing to :the fact that the particles become-

sintered into a dénse mass and it is necessary-

to hang a small inert weight in the loop of
the filament t6 ‘give it the proper shape, the

weight' -being , afterwards  removed. - The .

-most. serious . defect, ‘however, is that. the

40
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. necessary, not only to

55

60

"series within the b

‘terial; in order that t]
~willnot be abraded and
65"

shrinkage is uneven, and two filaments may
differ‘as to length and specific resistance; 1if
the small
into the fi _
fineness. 'Now, as my tungsten filaments
becerie ‘more or less plastic; when operated
at say; one watt or less per C. P: it has been
found necessary -to provide' supporting
means within the bulb for the filaments in
order .that the lamp. can be burned in any
position without danger of short circuiting.

Since only dense and Lemogeneous pure
tung:

efiiciencies and .since such filaments have
8 high specific conductivity I have found it
mount a plurality of
such filaments (shaped like a hair-pin) ‘in

fllaments of extremely small cross-section
in order that the ‘lamp containing . these
tungsten filaments fnay
ordinary

110 volts. .

die of very hard material,
as the diamond_or sapphire or similar.ms-
Ige material of the die
cause contamination,
and because-it is- extremely diflicult to hore
. L Q .

The heating of-

xhausted, " & . current of -electricity.
direet. or :alternating is sent through’

articles of the powder squirted |
aments is of varying degrees of

sten’ filaments can be worked at high

b, but also to make the

be operated upon

commercial voltages as for example,
o ‘ - | such oxid, hut carbon.

The filaments must be squirted through a

such.for instance -

872,086

material, it is almost impossible ta:form
very fine filament in this manner, the very
finest opening which can' be bored "at the
present time being too large for my purpose.
I, therefore, have employed suitable tung-
sten” compounds, which can be readily
squirted through the rather small openings
of the dies above referred to, and thereafter

metallic tungsten in such a way that the
'reduced metallic:
the filament will shrink greatly both in length
and cross-section. . '
the filament will shrink still further but un.
der certain conditions this further shrinkage
filament “of hair-like cross-section, -readily
retaining its shape in usage. .- . . .

If the filament has uneven or weak spots,
it ' may-be flashed in vapor of tungsten oxy-
chlorid’ and hydrogen whereby the hydro-

-gen reduces the chlorin . compound ~ -and

spots or placesin a manner ana, ogous to the
-mannerin .-which ordinary carbon filaments

are flashed, in & hydro-carbon. But T find
that it is. 'not -necessary . to.resort to this

«deposit of
‘physical nature or texture and scatters and
‘discolors the bulb during use.
to throw away defective filaments although

- reduced to & minimum by my new processes.
" I have since substituted for

-very fine pure tungsten powder with such
‘an alloy when the. low melting alloy is
melted and have squirted such a mixture
‘when in & warm i
resembling “ordinary fuse wire. -The wire
when cold is bent into the form required-and
‘on being heated by the passage of electric

particles readily sintered together shrinking
greatly during the operation. I have found
in such instances-that it is impossible to
drive out_ the last trace of sucg an . alloy
binder, and the filament so produced- fre-
quently blackens the bulb, when used. I
have used ‘camphor, starch, sugar and sul-
fur as a
amount of tungsten

o
from the carbonized . binder would reduce
has such a particular
-affinity for tungsten even at & low tempera-
‘ture, say red heat, that T have found it
necessary to keep such impurities out of the
mass from the start, so that they need not

~2f the

such ‘a comnpound filament is reduced to.

‘ -When it i$ ‘afterwards
sintered in'the bulb--bﬁ the electric current,.
ok

metallic tungsten is deposited upon the weak

operation.as it is very tedious and since the
tungsten seeins to be of a different, -

the humber of. such defective filaments is-
the paraffin .

binder various low melting alloys which can
be. procured commercially and I mix the.

mass-into a -wire, somewhat .

be t?her‘eaﬁftér restioved, and so that no trace -
same was left behind.during femoval - i
, : e ,

the })ropeli'openiﬁg ‘in 2 die of such hard _

paxticles will-adhere aitd

80,

18 but slight and the result will be & uniform

85
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It is cheaper . -
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current, through: the wire in- a vacuum, the . °
alloy metal is boiled out and the tungsten

118

1207
binder, adding a theoretical- -
oxid so.that carbon

125
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such a trace being sufficient to ruin or
greatly impair the final product.

I have obtained excellent results by the

-use of yellow tungsten oxid with a water or
paraflin binder, and I have also used the blue
and brown oxid and the sulfid similarly,
each being reduced at a-low heat in hydro-
ge_n Tungsten oxids, if heated in ammonis,

orm nitrids, which can be easily decom-

.posed to pure tungsten, the ammonia assists
the heat in removing the paraffin binder
before the oxid is hot enough.to form the
nitrid. R .

It is well known that the United States
Patent to de Lodyguine No. 575002 of Jan-
ruary 12, 1897, discloses the process for. coat-
ing a fine carbon or platinum filament with
tungsten by heating the filament by an elec-
tric current in the
the volatile chlorin compound of tungsten.
T'have observed that the deposit thus formed
is partly oxid of tungsten, and that the car-
bon combines with the tungsten in any
event to form the carbid by such a process,
25.-even if carried out under.different degrees of
-pressure and -temperature. The deposit is

- also of such a physical nature and texture

that it will fly off and discolor the bulb if it is

attempted to use the lamp. Where a plati-
num.fillet is used- the platinum alloys with

-~ the tungsten and forms a compound, which

10

15

is readily fusible at a comparatively low |
It is, therefore, obvious that

temperature.
in my early attempts to manufacture fila-
ment in which a carbonizable binder was
~used with the fine tungsten powder, that the
result would be much more suitable for use
. a8 a fillet upon which to deposit tungsten
- than the cargon fillet of de Lodyguine, since
the final result or product would not contain
nearly so much.carbon even traces of which
such as I have discovered are deposited from
the sinall amount of vaporized hydro-carbon
from the.oil in the mechanical exhaust ump,
are often suflicient to form a low carbid when
the pure tungsten filament is being worked
free from occluded gases when highly heated
during exhaustion.. Such ‘a‘ carbid invari-
ably blackens the bulb. Thave tested such a

45

50
carbid and not tungsten of carbon alone, and
this shows the necessity for keeping the car-

- bon out entirely from the start to the finish

“of the process. I'haye tried to decarbonize

guch tungsten carbid filaments by methods
used analogously with other carbid and
have found that a little’ carbon invariably
remains and this little is sufficient fo orreatll};
lower the efliciency of the lamp.” "All suc

methods were discarded for that method in
which the fine tungsten powder was made
into a paste with a paraffin binder since they

.were unreliable end too complicated.. As

1

60

hereinbefore stated the metal paste method.

65 does not produce a.filament. of sufficiently

872,086 . '

presence of hydrogen and"

deposit and have found it to be tungsten.

.Ing tungsten upon a.carbon
“taming carbon. :

amin ‘ungstates can be made into a mass

same with a little water without the aid of
any other binding means whatever and that
such a squirted thread can”be Teadily- han-
dled and wound upon forms, braided, coiled,
&c., or such -a mass may be formed into
minute hollow tubes or sheets and in each
case can be readily reduced in hydrogen by
gently heating and that if, after the reduc-
tion 1s -complete, -the temperature is raised
-the metal particles frit into a dense, pure
tungsten body which will shrink only
slightly or not at all even up to its ‘melting
point. This fact I deem of particular im-
portance as it does away with the subsequent
costly sintering operation-and furthermore
the unreduced threads.can be looped ‘and
supported upon an inert rod, such as-a tung-

coated with tungsten, while the free-ends
are hanging vertically in a vertical reduction
furnace and that the metal filaments greatly
shrink both in cross-section (a very valuable

strong and coherent and do not kink or tangle
with each other and -may be readily sepa-

support in the'bulb. "Furthermore, a very
small percentage of thorium added to the

more readily. - A little metallic ‘zinc, alu-
‘minium or magnesium may be added to aid

the oxygen of the tungstates to form ‘their
oxids which may be. volatilized out in the
_case of zinc oxid, or may remain within to

minium and - magnesium. oxids. - On. -the
| other hand I may add a very little boron or
lowering the meltin%
the amount added should not, be enough' to
form the well known borids or silicids, all
‘of which are of low fusing=points. " In case a

discovered that the carbon from the pump
will form the carbid of silicon which-is very
refractory and-of very high resistance and
will thus prevent the formation of the unde-
sirable tungsten carbid, although ‘in some
cases a little free silicon may be left over.
In“case a little rare earth oxid is mixed with
the tungsten oxid or tungstates and formed
and reduced in hydrogen,” the tungsten
compound only will 'be reduced and the

thus increase the resistance. The reduction

Ch

sinall Croés~'secti6nj although it is pure and
the filament is much smaller than that Te-. .

I have discovered that the a;mnionh_n_n and

sten rod or ‘& magnesia or alumina..rod-

in' reduction, these metals combining with-

:increase the resistance, as in case of alu- -

silicon to_increase ‘the resistance without -
point very much, but-

remaining ' rare -earth oxids which should |
be the most refractory ones known will .-

a8,

sulting from ‘the impure method of deposit- -
COTe OT core con- -

70

which can be squirted by merely mixing the °

75
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very
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feature) and in length, although they remain -

rated. and mounted directly upon tie final

100

| tungstate will cause it to-shrink and sinter. -

105
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little silicon is added to the tungsten I have -
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“whiould take plac

in abundance or reducing

872,936 ‘ T

‘gas, such as hydrogen or- carbon “monoxid

“or water gas and the gas can be afterwards

passed through” drying bottles, and wed

-5 again’ e,specia_ﬁ.y-}’as hydrogen is rather ex-
pensive.. .. T T T o

In order;to prepare niy squirtable mass of

- tungstate-and water I may start with a com-

. mercial-tungstic oxid (WQ,) which is more or

10 less pure, but I'prefer4g start with the min-

- erals wolframite or scheelite. The former is

fused with sodium carbonate and reduced to

‘a sodium ‘tungstate which .is treated with a

‘strong mineral acid ‘to ‘form- tungstic oxid

(WO,) whichis a yellow powder. If the ore

15

The tungstic oxid is mixed with pure water

conducted into. the liquid. When no more
tungstic acid. will - dissolve the solution is
“filtered until clear.  This solution is evapo-
rated on ‘water -bath until one half remains
~and allowed to cool. By this-time crvstals
will be formed arcund the edge of the dish
~which should' be washed quickly with pure
ice watef, the liquid is ta be thrown away as
- 1t contains most of the impurities. The salt
- thus preduced’ is now. oxidized in Lot dilate
nitrie acid to whigh a little hydrochloric acid
vis'added from time to time until the material
has become rich orange in color arid granular
when it is allowed to settle and the acid and
- water poured off. The tungstic acid is now
“washed with pure distilled water and allowed
~to:resettle: ‘and rewashed until the water
which is potired off will not turn blue litmus
paper red. ~The tungstic acid is dried:on a

20

ol

tion-and oxidation is'ie yeatsd five fimes but
of course.the last time the proce:s is not car-
- ried beyond: “erystallization” if the para-
tungstate is. to: be the final * product in
which case the crystals are not dried on the
~water bath but merely drained and air-dried.
- The tungstic oxid or para tungstate prepared
~inthis manner ‘arc: exceptionally pure..and
. suitable for furth'er',mfinipulatio,n into tung-

. squirted as above described and looped - over

ing cut. with a pair ¢f scissors so that-a large

.85 tically, and are thus air-dried for a few Liours.

They are then placed in a vertical magnesia.
or alumina tube the inside of which is care=

fully lined with metallic tungsten and ex-
ternal heat applied by a powerful gas or clec-

“60 trie heating means while the reducing as,

preferably hydrogen, is passed through. The.

heat is low at figst antil complete reduction
‘takes place; alter which it is increased so ag
1o sinter the metallic filaments as much as
65 possible. - The reducing gas may be shut off

- scheelite is used it may be treated direct with
g mineral acid to produce the tungstic oxid. |

and heated and ‘stirred while ammonia gas is .

water bath-and weighed. This ‘crystalliza-

- sten filaments. - The tungstate is now ground.
up with a little “water - and, can .be easily’

2 tungsten rod, the lower ends of the loop be--

number of hair pin shaped threads. hang ver-.

i

~ranged g plurglity of resilient armig

-ing ‘of - these filaments in the incandescent

Again when the lamp issiot in use; and

nay be platinum it desived, -hut T prefer to,

-ably hair-pin shape,.but a greater o

‘operated. The filaments ar
-series'by-means of short len;
_wire 14, the apex of each be
‘the glass stein 9, and these

¢ -0 - L

and the reduction tube exhausted thereafter
by means of a suitable pump, if desired, and
may then.be highly heated when-upon cool-
ug the filaments will be. found ‘dense and
strong.. ‘They will - hang in substantially
straight loops-and will-resemble polished.
platinum, under the microseope. . They will -
not stick to one another,under this treat-
ment although they have been rendered very . -
dense, and they are uniform as to shape, size 75
and conductivity. - This feature 1 deem of

70,

particular importance, in the commercial - -

production of a tungsten lamp. The mount-

lamp - introdycés new features and precau-
tions which are not met with'in the ordinary . !
carbon lamps. ~ Tungsten filaments for:ex- o
ample, when uperating at otie watt per' C:P;
or less, are somewhat plastic:and unless sup-
ported will sagzand bend out of shape,; cspe-"g
clally if «the lamp is subject-to¥ibgation. * '

the tungsten filament: i
it is rather fragile as:it’ tich

seetion and -very bfittle’” Furtherm
filamnents often_shrink “slightly’ after
mountéd upon the-final support: an
must be - provided - which? will «a
shrinking without “subjecting: uments. -
Lo undue strain” and-which will ‘support the . |-
{ilament in the desired pi ition withous short: "¢
clrcuiting. - Such-support’should be able to -

absorb the shocks or vibrat 76ff thﬁla—
ound bilb 6, al- .

ments during shipment.

I have shown'in Fig, 1 d
though of course any shapé of Bulb-desired
may be used, and provided with a suitable -

e the -
being .-

.socket or base 7, and: either one or ‘both of |
the ends of the bulb may be frosted if‘desired..

ag:shown at §'to better distribute the- lig

sinee the filaments are preferably: disposet+:
close to and parallel with the. verticel-axis of - -

the lamp.  The stem 9 hes.a gliss‘or.other .
support, 10-aflixed theréto, and-has“sealed - -
therein short lengths of ‘platinum wire 11, -11.
one end™uf which’is welded: to- th
leads and the other is wélded to a she
of iron, nickel or copperwire 12;-. %

use. copper preferably dickel-plated” I have 11 -
shown thrée tungsten filaments 13 of pre:ge '
gl ler
number may be ‘employed depéndingupon
the léngth and diameter of thefil ament, and’ -} .
the voltdge upon which the mp-is to be 12
nnected in’

_ rés may bhe -

made of the same material #§ithe wiresi12, 1

but are of suiliciently laige digmeter) to ‘re- i

main practically cold during the passage of .1

the electric current therethrough. .. .- BRI
- At the Jower end of the support 10 are ar- - 1

e
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j “tantalum or even carbon, dnd these springs
- -are of such good heat conductivity that the
/5 .remain cool during the operation;of the lamp.

- They may be of sufficient diameter to-remain.
“thus cool and may be weakened by being .
‘flattened near. the end: where they are fused -

" into the glass support 10, or they miay be of

| 10 very fine wire with 'a bead.of tungsten or-
" “other good heat conducting material applied.
~ at the spot. where the filaments and springs |

. contact. . - . .. e

. Lhave shown a series of intermediate sup-
15 ports 16 which may encircle one or Hoth legs
-of each hair-pin filament loosely .to.prevent

vibration, and these supports may be made

of metal wire or of a metallic oxid, preferably
covered with tungsten, or they may cohsist

them to bend "during -the operation of the
lamp. -~ coRTe T T
_The mounting of 'the hair-pin_filament.
upon the stem is as follows: The ‘tungsten

- 20 entirely of tungsten, as it is not né,oessal;y for

.25 filaments as they come from the reduction-

tube are very demnse, due to.the high heating
. during the latter part of this operation, but
-the legs are substantially parallel as shown in
Fig. 2. Each filament s slipped through the

.- -30 loose intermediate support 16, if 'such a sup-

" port be employed and’ the free ends are en-
‘gaged by the short connecting wires which

have been previously bent into a small hook-

. at their ends as shown in Fig. 4. . This small
35 hook can now be fuséd into an inclosing bead
by suitable electrodes in hydrogen or.other
~'inert gas, but I prefer to form the short wire
~into s small eye, as shown in Fig. 5, and to

“~ . pass the end of the filament therein loosely
.40 and to apply’a paste of very fine tungsten, -

‘which -can be readily prepared by reducing

ampjonium ' tungstate in hydrogen, and-a

: little water; the paste being'shown at 17 Fig..
5. -Or a carbonizable binder may be added

45 to the fine tungsten in which case the carbid

may be formed. but as this joint is not sub-

. -%)ect.ed to a very high heat, this is not a draw-

ack. In any case, howeyer, a loop of each-

" hair-pin filament is in engagement. with one
50 of the convolutions: of the spiral spring 15
.- preferably near the free end therégg ‘as
shownin Fig. 2. A little paste may be added
‘where the spring and filament touch to pre-.
vent overheating if desired, and the stem is

55 placed. in &' warm' oven. to dry the paste’

shown at 17, The water will be driven out
and the eye 18 is then squeezed with a pair of
red hot.pincers which causes the eye to.sink
into the paste which is rendered: semi-plastie

60 by the heat and upon cooling”a firm dense

joint is formed which will not contaminate

the filament and ‘which will be cool when the

lamp is in operation.. The filament is not

. oxidized by this tréatment. even when it is-
65 :carried on in ‘the open air, such & manner of |

_ -ma.yA consist of fine ~épi}al'spriﬁgs of suitable’
: ‘metalf such as platinum, iron, nickel, copper,

R

873,086 ..

N . T L o . '_ . / ‘. : e
 niaking the connection above described isin

my. opinion of gresa .industrial -importance.’

The lamp is now placed-on the pump, the

Y | legs-of each hair-pin filament being substan- . -
tially parallel as shown in Fig.

rown in Fig. 2 and it s to 70 -
be noted that the filaments are just as they " -
come from the reduction tube and have not .
been subjeéted to a subsequent shrinking op- =

eration in & vacudm or inért ‘environment, .

which has heretoforél'pljovgd‘fto be both ex- 75

‘pensive and tedious; - . . ST
.. «When the lamp is exhausted ‘the currént

18 sent through- the series of filaments and . S
each oné shrinks slightly so. that the legs
thereof slightly converge’ toward the loop 80

‘thereof as shown in Fig. 3 ‘before the spring .

is put under perceptible tension. * Each fila.

‘ment can thus shrink independently accord-

ing ‘exactly 'to. the necessary or requisite-

amount and after:it has been so shrudk to 85
-approximately its'final position as shown in': -

Iig. 3, it is supported 1n -this desired posi- -
tion-and can stil -expand-or contract slightly -
by reason ‘of “the -resiliency ‘of: the Spring . -

- without subjecting thefilament; to.a danger- 90° -

ous: strain:* :In- fact - the"spring -will “often
take a permanent bend if the filament ‘con-
the reduction tube, but after such a pérma-.
nent bénd the spring will 0:0n acting as be- 9,
fore, namely; to keep the 1 ament in the de-:

sired, position and’ permit slight .eXpansion :
and’ contraction of the filament dunng “se:: " -
In addition the springs; absofb shocks which . -
might be otherwise dafigerousto’ the brittle”

-tracts.strongly due to imperfect shrinkageini . . . ..

‘filament when it'is cold,. as for instance in - -
shipment, - - 5 PRt

In my Patent N 0. 839585ofDecember2‘S, o

1806, which is a division of my. applioation: .

No. 239769 filed Decembet 29,71904, I have 105.-
disclosed and claimed the use of a filament = -
formed from the alloy of tungsten and -an-.

other refractory ‘metal, together with’ the . .

process for making it, and in my Patent No.

842546 of January 29, 1907; which is also & 110

division of . said- application No, 238769 I ..
have disclosed and claimed a pure titanium -
filament and the process of making it. - In .
another . d_iﬁsionaf)”@pplicé.tionj ‘No. 344068 -
filed November 19, 1506, I have claimed.a

-new process for making refractory metallic

filaments, and in ‘ahother divisional applica- - -

tion No. 332786 filed August 31, 1906, 1 have. -

claimed & tungsten filament, ‘having certain =

-new: characteristics, and which last named ,1,2(.)‘

application is now involved. in an ‘interfer- .
ence. ' In the original. Case No. 238769 I -
haveretained certain claimstonovel processes
for making refractory. metallic filamerits of
higl?éﬁiciency. - : o 125

" The certain novél'featﬁreé ‘of' i:he incan- .

“descent filaments:and the process of making
[ the same and aldo"dertain novel features for -

mounting and connecting them to thelead-in = -
wires as set forth in the Present’application 130




- have been claimed. in‘divisional applications,

. filed,.April -18, 1906, Serial Nos. 312392;

. 312393, and 312394: - - . 4

- - Having thus described the nature and ob-

.5 ject of my invention what I desire to claim.

" and secure by Letters Patent: . = ..

_ 1.,The combination of & plurality of fine

" . hair-pin shaped filaments of dense but fragile

refractory metallic material connected in

(0 ‘series and a support for said filaments within:

‘& _yacuuin ‘bulb with suitable current con-

" 'necting wires for said series of filaments, said

. support comprising a. plurality of - spiral.

.o SE_rmgs, each -of which enﬁages a filament at

15 the loop thereof, and an additional steadying

means located between said springs and the
other end of éach filament. '

2. A high -voltage incandescent electric

_ lamp comprising filaments formed into-a co-

20 herent mass and consistin,

- sten’ mounted in a plurt?lity ‘of hair-pin

" shaped units in series and supported by a

.. fine spiral spring at the loops of each hair-pin

-. _and by suitable connections at the other end

25. and having also an additional steadying
_‘meams. .~ - -

.- 3. A moutt for refractory metallic fila-

ments. comprising a stem with suitable lead-

. -in wires and a support mounted upon said

S

. o - 872,986

g mostly of tung--

20 stem and comprising a plurality of short con-
" ‘ductors to.connect a plurality of fine hair- |
.. _pin filaments in series at one end thereof, a |.

the other end thereof to engage each hair-pin

filament and additional intermediate steady- 35
ing means for the filaments. . * . . . -
* 4..The method of mounting. refractory

metallic filaments which are dense, .but .

which'are subject, to slight longitudinal con-

' traction after being mounted on the support 40

in the .bull: and during use’ of the lamp,
which comprises the ‘connecting of & plura}-

ity of fine hair-pin filaments in series by the

aid of _intermediate short conductors of

connecting: both' terminals -of the series of -
filainents with suitable lead-in wires, ‘the -
short conductors and lead-in wires acting as
supports for the end-of the hair-pin filaments
opposite the- loops thereof,” and -in provid- 5o
ing a plurality of resilient- supports which.
are insulated from each other and one: of
which engages egch.hair-pin filament at.the-
loop théreof, and then heating said filaments -

50 8s to contract each slightly thereby.caus- 55

ing the straight léngths thereof to converge
slightly towards theloops thereof and thereby-
simultaneously “causing -each resilient sup- -
port to be placed underslight and individual

tension as the individusl shrinkage of each 60
filament requires.- ~ - : e

© JOHN ALLEN HEANY.
Witnesses: =" .. R

1. L. OwEx,.

- plurality of fine resilient spiral supports at |

Hexry,, . EvErDING:

greater current -carrying capacity and in 45.
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